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INTRODUCTION

This memorandum* contains a description and listings of

computer programs for plotting geographical and political-

features of the world or a specified portion of it, for plot-

ting spot-beam coverages from an earth-synchronous satellite

over the computer generated mass, and for plottin§ polar

perspective.views of the earth and earth-station antenna ele-

vation contours for a given :,-,atellite location. The programs

have been prepared in connection with a project on Application

of Communication Satellites to Educational Development. This

report is intended to be a continuation of the work earlier

reported by Stagl and Singh.
(1

)

A data tape was obtained from the Rand Corporation con-

taining a digitized map of the world. Several programs have

been written utilizing this data tape. The first program,

called WORLDMAP, simply plots the tape as a map with axes and

grid lines. The second program, called MINMAP, ploti a speci-

fied part of the total map so that larger scale plots of a

small area of interest can be obtained. The program described

in Memorandum 72/3
(1) is used as an overlay on these two plots.

This program plots the locus of intersection of quadric cones

(narrow-beams from satellites) and a sphere (the earth).

A third program . ilizing this data tape, called PER$PECT,

plots a polar pffspective view of the earth and earth7station

antenna elevation angle contours. This is-a view of the earth

as seen from a satellite in-the geosynchronous orbit. Using

a plot of this kind, one can make an overlay of thecross-

sectional shape of the desired antenna beam and this overlay

Will be valid over the entire plot of the earth. ThiS program

is intended to facilitate determination of the area coverage

by satellite-borne shaped beam antennas.

*The authors wish to acknowledge the assistance of Mr. Neil
Ostrander of the Rand. Corporation, Santa Monica in acquiring
the computer tape containing the digitized map of the world.
They also wish to thank Mrs. Emily S. Pearce and Ms. Donna
Barnes for typing the various drafts and the final version
of the manuscript.
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Also included in this memorandum is a modified antenna

coverage program to be used to plot the footprints produced

by the two off-axis S-band ETV feeds on Applications Technology

Satellite-F (ATS-F). This program can also be, used as an

overlay for WORLDMAP and MINMAP.

II. DATA TAPE

The point coordinates are stored in strings; latitude,

longitude, latitude, longitude. .". . 0.0, 0.0. The range

in latitude is from -n/2 to n/2 (radian measure), and the

longitude range is from -n to n. The tape is formatted into

24 blocks. The first block contains 23 integers which specify

the number of coordinate pairs in each of the following 23

blockS. Each of the following blocks contain a number of co-
_

ordinate strings. The strings are of variable length and all

strings end with a (0.0, '0.0) coordinate pair. Political

boundaries are distinguishable from geographical boundaries

in the following way. Signal coordinate pairs appear at the

beginning of groups of strings. If the first coordinate pair

in a string is (4.0., 0.0) then that string and all following

strings are geographical boundaries until a string whose first

coordinate pair .is i8.0, 0.0) is encountered. This indicates

that that string and all following strings are political

boundaries until a string whose first coordinate pair is

(4,0,0.0) is encountered.

The original tape obtained from the Rand Corporation was

an 8 track 1600 bpi tape. Since the IBM 360/50 installation

at Washington University Computing Facilities has no facili-

ties for dealing with.1600 bpi tape, the data tape had to be

copied onto an,800 bpi (bits per inch) tape which is kept in/

- the Washington University Computing Facilities. A card backup

was also obtained in case the tape is lost or inadvertently

modified.
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the end of the map and thoge strings that "wrap around "' must
,

/
be broken in order to avoid "retrace" lines across the plot.

This is done by chec161.ng consecutive pOints,p4 a string for a

separation of ov )mr 2 radians. If the separation is greater

than 2 'radian ;the points are assumed to. "wrap around" the ends

of the map In this case the

in

string is broken there and plotted.
. h

. The.rem.remainder of that string is treated as a new string.

he input to the program, FACT, is a magnifying factor

fo
/
e/the map. With an input of FACT 1.0 a map 50' inches by

/26 inches will be drawn. Any number greater or less than 1.0

can be used but one should consider the size of the output

plot and the size of the paper available: Figure I is. a

flowbhart of the WORLDMAP program. A listing of the 'program

is included in Appendik A. .

The second program written fOr this data tape, called

MINMAP, plots only a portion ofthe total map. The inputs

to the program are the upper, and lower limits of the longitude

and latitude, and the magnifying factor as for the WORLDMAP

program. For this program, all points of each string are

checked against these limits. and either accepted or rejected

depending on whether or not they are within these boundaries.

The size of this plot is somewhat dependent on the input

boundaries. The vertical aXis is set at 10 inches. Using

this fact and the upper and lower limits on the latitude, a

.scaling factor is calculated. This scaling factor is then

-3-

III.. PLOTTING PROGRAMS :

The first program written to plot the data tape, called . 1

WORLDMAP, does not take advantage of the ability to diStinguish

between geographical and political boundaries. This is because

the added programming complexity needed to distinguishpolitical

bbundaries from geographical boundaries on the Calcomp piotter .

is not warranted by the use of the plot.;
Basically the program reads tae coordinate strings from

the tape and connects the point /with straight line segments.

The only problem is that the/boundary of Siberia "wraps around"
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Figure 1. Flowchart df WORLDMAP Program
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used, along with the upper and lower limits..,on the longitude,

to calculate the horizontal axis length. As in the-WORLDMAP

program, the magnifying factor input can be used to change-

the size of the plot-

The computer prints out the values of the first longitude

, value on the horizontal axis (FVX), the first value on the

latitude axis (FVY), and the scaling increment (DA) in degrees

per inch. These values will be needed for proper scaling of

the antenna coverage program.

A listing of the piogram is included in Appendix'

Figure 2 is a frowchartof.the MINMAP program.

IVY ANTENNA COVERAGE PATTERNS USING DATA TAPE

The antenna coverage patterns'program of Memorandum 72/3
. .

was modified for use with the WORLDMAP program. The modifi- '

cation, called ANTOVLY, includes an elimination of the portl,on

of the program that scales the coordinates and draws the

axes,). as well as a redefinition of the origin and scaling

factor to those of the WORLDMAP program. The modified pro-

gram is listed in Appendix C. When the programs are run,

the map is first plotted. Then the antenna coverage patterns

are plotted over the map. The resultant plot shows explicitly

the areas covered by the antenna beams.

The inputs to the program are the first longitude value
Pe

on the horizontal axis, FX, the first latitude value on the

vertical axis, FY, the horizontal scaling increment, DX, and

the vertical scaling increment, DY. The magnifying factor,

FACT, is also input.

When used as an overlay to WORLDMAP, the inputs should

be: FX = -180., FY = -90., DX = 7.2, DY = 6.923,'for matching

the size of ANTOVLY plot with the WORLDMAP; The magnifying

factor should be theisame as that used when WORLDMAP was run.

A sample of this type of output is shown in Figure 3.
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The ANTOVLY program can'also be used with the MINMAP

program. When used in this way, the inputs should be:

FX FVX (output from MINMAP),-FY -= FVY (output from MINMAP).

and DX = DY = DA (output froth MINMAP). The magnifying

'factor should be the same'as that used when MINMAP-mas_rPTI.

A sample of this output is shown in Figure 4.

y. POLAR PERSPECTIVE

The third program to use the data tape, called PERSPECT,

was written to provide a view of the earthas seen from a
. ,

satellite in an earth-synchronous orbit and to-plot _earth-

stAtion antenna elevation _.angle contours. sing-'aiplot of

this kind, one can make an overlay of.the-cross-se8tional
!

shape ofthe desired antenna beam and this overlay !would be
1

valid over the entire plot. The angular beamwidth would be

proportional to the linear scale of-the plot. I

To realize this type Of.,plot, a projection-is
1
first made

onto a sphere centered at the satellite as shown in FigUre 5.

The angle of the, horizon, 42.MAX, is first calculated. A co-

ordinate string is then read from the tape and thelangle R
,

is calculated for the first.point,according.to thelfollowing

formula:

OSY [Sin (LTSS) Sin(YL).+ Cos(LTSS) Cos(YL Cos (XL)

(1)

where_ LTSS is the subsatellie latitude, XL and YL are the,

longitude, relative to the subsatelAte longitude and the

latitude, respectively, ofs the point in questions. af

IRMAX-R1 < 30°, that is, if the first point of that string

is within 30°, of the horizon, then the angle Ris calculated

for each point ofthe\string according to equation (1) and, it

is checked ,for visibility. If IRMAX -RI. > 30°,/ that is, if

the first point of that string is greater than 30° from the

horizon, it is checked for visibility. If-thatpoint is
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beyond the horizon then all points of that string are assumed

to be beyond the horizon.

For the points that are visible an angle T is calculated

e,-according'..to the following formula::,,,

g_=_Tan-l[
Sin(R)
- Cos(R)'

(2)

A polar angle about the subsatellite points is calculated

as follows:

Cos (YL) Sin (XL)
U = Tan [Cos(LTSS) Sin(YL) - Sin(LTSS) Cos(YL) Cos (XL)

f.

(3)

The Calcomp plotter uses Cartesian coordinates so these

polar co-ordinates must be changed to the plotter coordinates,

XP, YP, as follows:

XP = TSin(U)

YP = TCos(U) (4)

An additional feature of this program is that it will

draw the contours of constant elevation on the plot for any

set of input elevations.

The only-inputs necessary for this program other than

the data tape are the subsatellite longitude and latitude,

the magnifying factor and the .set of elevations for the con----"

stant elevation contours. Figure 6 shows a'plot of this type

with 70 °,,45° and 5° elevation contours. Figure 7 is a

flowchart of the program.

The program can handle any number of cases in one run.

The only limitation is the amount of CPU time specified on

the job card. On the IBM 360/50 system a single case takes

approximately 45 to 55 seconds, depending on subsatellite

location and number of elellation contours to be drawn.

A listing of the program is included in Appendix D.

-6-
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LONGITUDE ..I20.000
LATITUDE 0.000

Figure 6. A Polar Perspective of the Earth-From A
Satellite at 120°W Longitude and Earth-
Station Antenna Elevation Contours.
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Figure 7. Flowchart for the Polar PERSPECTive Program.
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VI.
1

;FOOTPRINTS OF ATS-F S-BAND ETV OFF-AXIS DUAL FEEDS

NASA's Applications Technology Satellite-F'(ATS-F),

sched led for launch in April, 1974,. is going to test the

feasi ility of the direct delivery of ETV signals to low

cost terminals in',the newly allocated 2500-2690 MHz band

in *Alaska, Appalachian region, and the Rocky Mountain States.

The antenna coverage program, described earlier in Section

IV, has been modified to plot the S-Band footprints produced

by the ATS-F spacecraft.

The basic ATS-F spacecraft includes a prime focus feed

complex having crossed-feed elements.
(2).

The two ETV beams

are generated by the 30 foot dish onboard the spacecraft from

feeds which tie on the satellite North-South axis. Neither

feed lies on the antenna boresight, the separation between

the boresight and the nearest feed being about 0.7 degree

and the beam separation being 1 degree. Since the beamwidth

is also approximately one degree, the total coverage at any

one time consists of two footprints lying in approximately

a North-SoUth relationship, the exact arrangement depending

upon the subsatellite' point and the boresight location.

These factors -have been programmed into the antenna

coverage program described in Section IV. The inputs to

the ATS-F S-Band ETV dual-feed coverage program (ATSFS) are

the subsatellite and boresight locations, beamwidth dimen-

sions and the plotting parameters. The plotting parameters

are FX, FY, DX, DY and FACT, all of which are described above.

The modified coverage program can be used to plot foot-

prints either over the WORLDMAP or the MINMAP. Figure 8

shows the footprints with a subsatellite location of 94°West

and boresight pointed towards 81°West and 37°North. A

listing of the program is included in Appendix E.

18
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C

FILMEDFROM BEST AVAILABLE COPY

Appendix A
WORLDMAP Program -1-

CIMMSICN (CC4C(1026);191JFIICn01.PLTX(`14),FLTYV1410\(?)
LP L1 PLUIsCiPLF,11(111

itLAC SCALE F,ACTC4
tiEtC(i1C1.21'

FC4YpT(FIG.3)
CALL PActcP(FACT
CALL :7LCT(C.01-2(3.'1-3)
FVX=-3.141 c;92(:
FVY= 1'Vx /2. ;)

CAX=2.03.141592b/.50.
CAY-T-3.1419 1:/2:J.
FX=-18C
FN=-SC.
LX=36C./56.
0=18.0./26.
CALL LCT(2.0,2 .F 231

A-xLS

GILL
CALL -rAiS(C.C10.0,'1 TTTUnt

Li-LL )xiS(C.12,2z.,'LiNrI1LP!",9,.,C,F)(,"x1
.LpLL 1)0.SCiu.,'C,'1^TITUr7%81-3,7.6.,9C.,FY0Y1
PciC(1)
K=1

C ILAU CC1:141)INA1F HLLCK
Ra4c(P)ccoR0

81 1=1
1, 1=1

IMCCRLI2*1.-11.(t.:.4..1)L=1+1
21 PLTX(I)=CGCR012';'L/

PLIM)=CICR012*L-11

C "" EI\C, CF STRIN
IF(PLTX111.Ei;.U.C.ANC.PLTY111.EC.C.-01CC_TC Al
IF11.LT.21GC TC 31

FCR -18C TC +13C 1,PAP ,iortAc
IESI=A1S(PITXM-P1 TX11-11i
IF(MT.C1.2.)G0 TC 77

31 L=L+I.
1=141'

.

uC IC 2.7

4/ Fl_rx(1) =FVX
FLP(C11=FVY-
PLTx(1.4-1) =CAX
PLTY(T+1) =C...Y
NP1S=I-1

C GAAh STF.ING OF FC1NTS
CALL LfKE(PLTX,P1TY,NPTc,1,9,C)

5o L=Lf1
IFII.LC.NOMGC 'IC 15
K=Ki.
IFIK.NE;121-GC-TI 5
CALL FLCT(C.,C.,-3)
IFI..;T.231GCTO 90
GC 16 1C

kl PLTY(I)=FVX
PLPf() =FVY
PLD11+11=CAX
PLTV(1f1)=CAY



7

FILMED FROM BEST AVAILABLE COPY

NF1=1-1
C cF.pcpos

CALL LINHPLTX,PLTY,NPTS,I,C,C)
.iC TO 15

Ss; CALL PLOTI0.,0.,=fl
C OAAK .(-; LINES

UC 45 J=.1,25
x=t,LCaTI?*J-11
NR!:P4=J-(J/2)*2
IFIWF9.EC.C1 GO Tr 46
CALL PLCT(k;0.,3)
CAL( PLCTIY,,i(:.,2)
GC IC 'is

CALL PLCI(x,2c.,3)
CALL PLCT()co.,2)
CCNIINCE
uC 4S J=1,13
Y=FLLAT(2*J-1)
NIR:!v=J-(J/2)*2
AFINI(L:4.Et..:)) CO TC '.3
CALL PLCTIC.,Y,31.
CALL PLCI(5C.0,2)
GC To iS

40 2ALL PLCT(50.0,31
CALL PLCT(0.,Y,2)

41 C(NliNLC
CALL PLCT(C.,C;,SSS)

'LN1

23
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FILMED FROM BEST AVAILABLE COPY

Appendix B:
,MINMO Program .17.

v1NNAP

1:1'4U-NS (CA -11,1UF (10CC ),Crf)RE.)(11?4) ( 2? ) I 5 r!' ) Yr? (

.c.l.l P citieur,
CALL Pivf:".(0.,-?).5

C Rt.:AL .SCALE: FACTCP
N 1.3,59) F;1C

I C0AT (F10.3)
CALL F-.1CTLP(FAC T
COLL .c1CI(1.1.5,23

C . ICL-NCAP IFS CF NAF
a. RE t.:1( 51 ICU) XL L

CJ FC:lkAT (14F10.3) /'
FVX=XLI.
F41',,YLL
CAtz:(YLL-YLL ) /1C. :

FVX,\F 41',[:4` 'FACT
4 Cu FCR".41T (1Xt !FVX= ,F1C.4,4X, 'n4Y:',F 1 C...ft ,14X,'CA=11F10.4,

. IF.4.',;1:1,r- . 4 )
,

xAxL=OUL-XLLIv_i
'

.0 toc
CALL ::;,,XIS(CIC., ilrrCATUni.1,-q,x.L1xL,r7.,FVx,C!..)
CALL:-ANIS(C.90 'Lp.7 ,P,YAXL,9e. I cVY,111)
L ALL .4X1S(C,.Y/. XL, 'LINCT TUDI.1,9,XtXUtC9FVX,rP.)

.n>1S(NXL,O., 1LATITUOI:',-8,YtXt
:4LLI-XLL*C1:1\1/TR
CA=CA4CCKV1R
XLL zXLL*CC1\141F

4: :N'lt..*C(MITP
7 YLLL;L'KCNV14:

kEt )

K=1,23
kcA (e.) cc. c.,Er\ iL=1

1) NT= 1
LF(COC4L(24,tL-)) .LT.4.1cC, Tr. 11

=Nt.+1
XF(NP)=CCCkl)(2*NL
'44(N.V)r-CCCkt(?*NL -1)

C Ch LL1( FILL2 FM S IP INC
IF( vP(NP).EC.0..AM).Y1:(Nr)..F.C..0..1(11: TC 12

C CK ;=CR PCj1I In FiCLI\CS
1F(XF(NF).1.1.KIL )GC TO 1?
IF(0( NI)).CT.Xl.L)GC TO 3
i (YP(NP). I.YLL ) C Tr1
'1F( YP(NP).CI.YLL /11" TO 13
NL=NL+1
l\F=NP+1
IFINL.LE.NIKHCC Tr .1 1
GC TC: IC

14 XF(NP)= *LI
YP(NP) =YU
XF(NP+1.)=1.)A
YFINP+11=LA
NF1S=rP-1

C Jrc4.4% STRINGCF FC1NTS
IF (NP1SAT.'2)CC TI) 14

5
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FILMED FROM BEST AVAILABLE COPY

CALL LINF(XPOP,NPTS,L,C,C)
AL=N1f1
IF(NL.61.N(K))G0 TC11
GL TU 1s

13 AF( NP)=xLL
YF(NP) =YLL
XF(NO#1)=Dk
YFINP+11=DA
NI:T=NP-1

C LJA,AN STRING CF FC1N1S
1FINPIS.LT.21GC TO 17

CALL Ltnc(Apop,rpTs,I,d,o)
1/ NL=ALA1

x=CCCRC(2*N1)
Y=CCCO)(2*NL-1)

C L,ILLK FCR LNU CF STR1NC
IF(x.E:.C..ANC.Y.FC.C.)CC Tr 14

C CriEL.K FC PC1NT IN PCUN12S
IF(x.LT.xlL)GC TI 16
If(X.CTOWL)COTC 16
IF(Y.LT.YLL)GC TC 16

IF(Y.Sf.YUL)GC TC 16

NP=1
GC 10 11

IO IFIAL.LT.N(K)1C0 TC 17

1J ccNTIkpr
G41C/ LINES Zr'.

LC 2u f=1,5
1,1:AA:Am)
CALL PLCT(C.0,3)

2,1 CALI FLCT(xAxL,Y,21
r0=INTIXAXL)
LF(FLOAT(Nx).EC.XAXL)NX=NX-1

J=1,Nx
.x=FLCAT(J)
CALL PLCT(X,O.,3)

3.1 CALL PLCT(X,10.,2)
CALL FICT(O.,0.,S9S)
SIOF
0\9

Appendix B
MINMAP Program -2-
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APPENDIX C: ANTOVLY PROGRAM



FILMED FROM BEST AVAILABLE COPY

1\TCVLY
C

Appendix C
ANTOVLY Program -1-

REAL,EI4Z1
R,iAL*-3 CSINrICCS,CSCRT,r61SIN,!7ARCCSJCATA%.
ANT.77GEQ*4 N5TEPSOCT,I,N,NPLT,IFUr14CC0),1P1,Nn2,NCP,1"

,AE,51.4; XF(514)JYF(914)

INTECUR*4 FP.T(4) /1I',' 1,'F7.3',111/
INTfiGL.q*L
KLAL*4 1.CALi2'I,LJ:T(7??),NI,YrToCT,Fx,FV,rY,Pv,X5S,vSS
INFEGL:q 1:41113,NP

iNTECF;1*4 ISYfr(51
LAT1 ISYNV3,4,1I,9,10/
61hENSICN CF(10),OPS(2),RPS(E)
G4T1 ClE/.1J.2J.S11.11.5,3.J.J1C./
CATS R14S/.18,.?C,.41.56,.7,1.J1.?7,1.7/
CATA R1/1.141592(57ES7S?C0/,PE/2.CEC3/,CIST/2.626r4/
N=C
RLACt'a,2C5I
FCRNAT(EF1C.3)
CALL PLCTSIIPUF,400C1
114cA7A,201) FACI

2CL FL4vATIV10.31
CALL I=ACT"CRIFACT1
'...(NO-1Q-163I/180. 7

LIM=CARS1NO;E/CIST/
ChK=S1.3*CCNVTP

Z-R.:A7.(5,SCCJI:N7)=1C00) NPLT
'iCj FCRNAT(II)

DC NPL=FOOLT
Rci49(5,5CC,CNI:J=550rLCNSS,17)LCri-J,TCT,CINCR,nCELT

ICJ FCRvAT(5F9.3) .-

REAC(5,C1).TFEIA1,14t1A,Qt0A.L
501 FCRvATI3F9.1,121

J-N1(21=CICIIII/
IkEv:(9,FPT)(1:1(1),I=1,1)
NCr1=C,

N=Nel
hRIILI,5CLIN,CLENSSOILCNCT,CLATCT,CCELI,PW2e.,Rv04 THITP1

004 1F-CR4AT(//110A1A SET N.. 1,12/4X,ISUP -SAT LONG =',F9.3/
.,11CR SCHT LCNG =1,Fq.3 /4X,111CR SGI-T LPT = ',F9.3/
#0,17.1_CLI1 iTICN =',Fq.3/4X,'NIK Rm1iCTII1,5X11=1,Fq.1/

3 '0,1v0 FmADTH115X,1=',F9.3/4X,'1PIENTtTICN =107S.2)
i. CLAVF1 FROm UECRL cS TC R.!,DIANS

INCR=QINCR*CCNVT14
1..C\CUP=(CLCNCTOLCNSS)*CCNVTA
:LAT:TR=CLATCT*CCNVTW
CELIFCCELT*C(NVTIs
131=15'o1A*CCNVIP/2.0
tl,?.=0W2A*CCNOR/2.(1
IFEIA=THETAI*CCALTR

C CrILCK FCR RCRESICFT LCCATICt IN cANCE CF
AL=7.ARCCS(CCCS(LC4KTP)*FTCS(IATCTROIRT))
IF(AL.LE.CFK)GC IC ?1
hRITt(6,4CC)
FCRYLT(IHO/q5Ct4aSICI-T LCCATICK IS NCT IN RANGE CF SATFILITF.1/1
GC 16 I

C CLJ.IPLTE VECTCR ERCM SATELLITE TCA!ORFSICIT LCCATTCN
eSt=RE*CCCSALATCTR)*CSINCLCKORI



FILMED FROM BEST AVAILABLE COPY

Appendix. C
ANTOVLY Program -2-

KEY:-.GIT*12(CS(cEtT)-PE*ECCSUATciP)*CCCS(LeN(Tqi
KsZ.,JISTOSIN(CELT)+PihatTcrw)
K5m=uSCRTIRSX**20,(142+RS7s4i)
vAv-IJA=SIN(4E*CSINIALI/oSm)
Il=tIPI/2.01-(PI4G0.1)/CCNVTP
wRITEI,20.0.1 El-

.CJ FC4,,AT(4x,,ELEaTICA-!_lbw.=,,FS.?)
LENC-7-1Sc4I(RSx4*24PSY**2)
FITCF=CAQSI\IRX/CFtC"1
HCLI=1ATANIqU/OENCmI
L.P=CAPITCH)
Ci4=CCCi(izCII)
SP=1:1INIEITCHI

12 JC
KCB=NC?+I
LC3=L-K +1

losIERFCLATE FCQ ;EIATIVE EFAVt.LC-TF-
DC a J=I,8
IFICe(IC2)-CESIJI)6f1,.

/ FEN=R3 4S(J)
GC IC

J CLNLOCCE

KdA=(CP( LCRI-CBS(JI))*IPPhS(J)-1.16SIJIII/IPS(JI-CPSIJII)
+Rn.S(JI)

A-71SA*CTAN( A1.14RC.W)
B=RSM*7.TANileW2*RFt.)
ALPF1=14,114
ALFF2='162A*Eh
NSTEPS:(36C.3/CINCP) +1
8PA:f1-=CALPFA0P36
DC IC ICT=I,NSICPS
3EIAN=(ICT-I)SINCR
ANG=0,:TAK+TFETift
UM=1.0/CS:,;RT((CLCSIFETANUAI**2+(CSINIPETAN)/9)**21

C CJMPLTE N-TH M VECTCR FRCP SATELLITE Tr ICUS IN FtRTF
ANPx=i1.5,M*CR4V+UP*CCCS(ANG)*CP-UM*OSIN( ANC)*SR*SP
MNRY=ASM*C=44CP+UNI:,CCCSIANC)*SP-U4*ESINIANC)*SR*CP
MZ=RSN*SkoLN*OSINMCI*CR
NNg=MKPX
i.NY=MNPY*ECCSICELTI4mNPI*CSINICELT/
PKZ=MNPY*( -CSIN(CELT))+MNAI*FC1C-ELTI
LIN=CANCOS(MNI/CSCR1(VNX**2+NNY**2+MNZ**2))
IF(EN.1I.BM)GC TC 1C
CN=FI-CARSINInSINIBNIsCI$1/PF1
UN=RI-60+CN)
lohL=USCRT(REv42*LIST**2-2.*RF*DIST*TCCSICN))
GCNCM=OSCRTIMNFX**2+NNEY**2)
FlICHN=aAKSIKImNPX/rENCM)
ACLIN=EATANIMKPL/DENCmI.

C CJMFLIE NI-TH w.:(TOR FRCP CFNTER rF E4RTH Tr LOCUS, ___;-

KEI=m114CCCS(RCLLWDSIN(PITCFN)
rtEJ=JIST*CCCSICEIT)-KI*(CCSIPCLIN)*CCC5(PITCVN),
Ki:K=MNOCSIN(RCL1N)-rISTIN(rn.LT)
GC TL 40

C Li N-TH N vcicp ncuS INTERSFCT EARTF rEmPLIE VPCTrP
C r't:CP CLNTER r7AkTF Tr FOR11.rN SEEN PV-SATELLITE

lAuN=CAACC(NKZ/CSCRT(mNx**2 +t,n7.**2))



FILMED FROM BEST AVAILABLE CQPY

Appendix C
ANTOVLY Program -3-

11-(kNX.LT.C.C)TALN=-TtUN
REA.--<E*1:CCS(v)*CSIN(TAuN)
i-EJ-At*C-C.CCSAELLT)*rSTKPm)-rSinirELT )*Cfn5(nvi*CCrSthuN»
KE<=KE9(-CSIN(CEIT)*CSIN(114)+FCCS(CFAT)*I7CC5(0)*CCCS(TAuh.))

4t..4 CEV=USCQIIPE1**)+Prj**7)
LuAr%LI LFN'31-1LCIi 4nr LtI!TI:r17 CfCPrin:.US

lat(LCT)-SnatoalAN(14Fv/CENUCCKviP)
10 LLN(ICT)=NCLICAPSINIPtl/rCNI/CCNVTR+raNSSI

hFLILP.:41CCILiILERI,PLVI-1,hLrH?
40u FC0,AT(11-43WAT tPVEW/4W4Ax e,F!.2/

L 4x,,N1n 3Vh!)11-= 1,r9.2//
91(4.LC1LIUrie,7)0L4ITTLCt1/5Xe(Ci-CkFFI'4EX,I(ccr:0JFEs)1

/)-

u0 :10 I=14NST.Ei:S
i.R1ItI642CCI LCNIII4LAT(I)
FC4YATIIH 14x,F9.3,6x,Fq.1)
iF(LLN(1).LT.-1L,C.) ICkti)=1EC..UN(I)
tr(CON(1).LT.F)1) LCK(1)=Fx

LCK(T)=1)(
IF(LAT(I).1_1.FI) LAT(I)=Fy

tlu C(4TtNL'I
CL\%1R=.5AGL(CIN\ITP)
XCI=ISNILICLCNCII-rAUCX
YCI=IiNC,LICLAICII-FYWY
LALL S'OniCL(XCI4YCT40.1441SYviNI,C.4-1)

C .)LCI CGCRI:INAUES CF LCCL
04=1._

5u IP=1
!L IF(A6S(LCN(IN+t)-1Cn(Iv)).r.T.10C.)CC IC 7C
31 APIP1=LCN(1M)
MIN:LAWN)
IN=IN+1
4P=IP+1
/FIlh.LE.NSIEPSMC Ti 47
XP(1P)=F)(
xP( IP+1)=r,X
Y2IIPI=FY

.YP( IP41)=Wr
NP=IP-1
CALL LINE(XF,YP,KP410401
GC 16 3?

41 TC i7

GC IC 31
lu XP(IF.)=LCNIIPI

YP(IP)=LAIIIM)
APIIP+11=FX
XF(IP421=CX
YPI1P+11=Pr
YPIIP+21=C1.
LALL LINEIXF,Y1),IP,1404CI
10=1P+1
GC 10 5C

az CLNIINLE
XSIIISNGL(CLC\SS)-FX),CX
YSS=(SNCLI-CCELT)-FYI/CY

aJ CALL sv,lu(x55oss,n.,21,1sym(N),c.,-1)
:).:).) CALL FLCT(55.4-1.421)

GC IU 2



FILMED FROM BEST AVAILABLE COPY

Appendix C
ANTOVLY Program -4-

C ..LSE eiCTIAVF.
1LLJ LAU PICT(C..C.,S3S)

4R11.:(e3,601/
oCt PERs,4T(ICPICITAPE arsFr,)

S1CF
t \J



FILMED FROM BEST AVAILABLE COPY

APPENDIX D: PERSPECT PROGRAM



-FILMED FROM BEST AVAILABLE COPY

Appendix D
PERSPECT Program -1-

Ft4So;;AT

j1m1=.N3IC% I?UFI/CJC.I.CICRP(F)741,NI27/0F1s1,-1.voIi14,1
CIm.-NSir..N .11.1101

kFAL#; L\S,Liss
+EAL*4 LNSS#-

rI,S/J.1415S26.f.61(...6/
CALL FICISIIELF,1JOCI
CALL FLCT(0..-2i.5,7?)
i.iCACt,40,J1 FACT
FCQNAI(F13.31
CALL cACTCRIFACIA

L1 PLCT(11.,15.31
CUO,TR=FI/NU.
ImA)I=AgtSIN(I./S/

CA=CLN\CIF
f4NA)=SC.4CCNOR-TmAx

sLeSaraLITI CCCRPINAT7S
4F.AJ(Fi tICC,EIVJ=ICJ1)1NSS TSS

1JJ Ft4mATt2F1C.21
LNSS1i=LNSS*CCNVIP
CEL1F,=LTSS*CCNVII-
SIN1=SINIOLLT4I
CCSC=CCS(JLI1g1
4EA:(3)N

-1

EJ gtACIEICLCR
L=1

J I=1

iFI2C24(2*L-1I.Cf:.4.1L=L+1
YL=CLCRO(2*L-1)
xL=CCC4J(2*L) -LN5SF
SENLI=S1NIYLI
CCSII=CCSIVIA
SINLN=SINIXLI
CCSLN=CCS(xL)
CCSI=SIN04,SINLIKCSC*CCSLT*CCSLN
R=4.1CCSICUSFO
t:iF=RMAXIC

f. IS FItST PCINT IN STRINC hITEIN 30 CECREFS CF HCFIZCN?
1F(hiSICIFI.1T..5215SE9)GCTe ?0

C FIRst PCINT >io ftrflfz'S FRCN
C IS IT VISIBLE?

IFICIF.CT.C.IGC TC 70
ify L=L+1

tF( cLckrte*L-1).P:.c..tNr.ccrgr(2*L).Fc.c.)cn Tr 60
GC TL 40

C FIRST PCINT <3C CERFES FRCm ECPIZCN...
C ... CHECK EACt- FCINT FCF

iJ IFI0IF.CT.C.IGC TO 70
C NCT V-ISIPLE...ChECK NEXT PCINT

L=L+1

tFccLckr(24L-1).EQ.1..Anc.crcRc(2*L).Ec.core Tr 6'2
YL=CLCRU(2*L-1)
)L=CCCRC(2*L)-LNSSF
SINLI=SINOLI
CCSLT=CCSIYLI
SINLN=SINIXII

33



FILMED FROM BEST AVAILABLE COPY

Appendix 0
PERSPECT Program -2-

CCSIN=CCS(AL)
CCSINr*SINLI+CCEE*CCSIT4."'CSIK
K=0;;CCFACO5F/
CIF=ss,?x-.4
CC IC 20

DL.-XT s4INT

1=AIAN(SINI4)/(-CCSI)
L=AIAVICJSLT4SINIK,C(CP*SIKIT-STNC*CCSIT*rict%)
)PII/=7*SINIL)
VF(1)=1*CCS(0)
1=1.1
L=L+i
IFICCr.4Ni*L-I).1.;.C..W7.Crri47(?*I.).EC.C.Ir.1 Tr 5?
IL=CLCuOIL*1.-1)

SINIA=SIAIYLI
CCSAT=CCSIVL)
.ANIN=SINIXL)
CCSLN=CCS(XL)
CLic=SIKD*SIKLT4CCSC*CCSIT*CrSIN
1-=A;rC.5(COSii)
ciF=Rt,tx-R

IFICIF.GT.:;.)CC IC 7C

L=I-I
5,1 XP( 1)=F14

)Pl1+1)=CA
YFIII=;V
YP(I.1)=CA
KF1S=I-I
PLC! SIRINC
CALL LIKE(XPOPINPTSIIICIC)

6,)

AF(L.LE.A(KI)CC TO IC
K=K+1
IFIK.LE.23)GU TO iC

C UriAo HCRILCN.
DC SO J=1,7
2E16=5.*(J-I)*C.CNVIP
XP(J)=TMAXuCCS(3FT4)
vPI,O=TPAX*SIN(eETA
)1P(J+1) =FV

XP(J+2)=DA
1P(.+1)=FV
YP(J+2)=CA
CALL LiKC(X1),Y13,73111?.,CI
CALL S1NEILLIO.t0.1.2P111C.1-1)

CCNSTAKT ELEVAlICN CCNTCOPS
li,A.:(5,2001 NIS

200 FCRNATIII/
IFIN1S.EC.01GC TC Sh
R.:A1(5,3001(z1(1III=IINTS)

j.0.) ECqvAT(9,F5.3)
DC SE K=IINTS
ANS2.=(G0.+ELEK))*CCWP
ANGIzA4SIKISINIAKWIM,
CC S5 .:=1,13
ELTa=5.*(0-1) *CCNVTP
XPIJI=ANGI*CCS(dITA)
YP(j)=ANGI*SINIBETAI

34

-



FILMED FROM BEST AVAILABLE COPY

Appendix 0
PERSPECT Program -3-

x0(..:+1)=Fv
xP(..:4-1)=C-

vt.N.:+1)=Fv
vil( +?)=CA
::ALL L(NL(xPF,7.1,1,C.0)
4N=A\Cl/cti+.05
CALL NUN;AiRtu.,Yh,.210,1(K),O.,-1)

5. LCNIINL
CALL
CALL rLmaL;;i(CcS.,,-;cc.,.?1,LKSS.C.,1)
CALL Sv."221(-1.32,-LC.3S1.21,,LAICiurk_
CALL \LmntR(SCS.,iSC.,.21,LIcS,O.,12)
CALL PLCT(3.)..C.,-2)

P_

LC lu
iL(.J Call PLCT(2o.,-15.,c99)

c-loc



FILMED FROM BEST AVAILABLE COPY

APPENDIX E: ATS-F DUAL-FEED PROGRAM



AIS FS
C

FILMED FROM BEST AVAIUBIECOTY

Appendix E
ATS-F Dual-Feed Program -1-

IMPLICIT REAL*8(AZ)
REAL*8 CSIN,DCOSOSCRT,CARSINIDARCCS.CATAN
INIEGER*4 NSTERSOCT.I.N.NPLT.IPUF(1000).NRI.NP2.NCE,LDO
REAL*4 FX,FY,OX,DY
INTEGER*4 J,JI,L,K
INTEGER*4 FNT(4)/'00
INTEGER*4 CIGIT(10)/'1'02'03.0405'06.07...E.0/4.010'/
REAL*4 LCN(722),LAT(722),N1,XCT,YCT
INTEGER IJ
REAL*8 ROLLI,ANGDIF(2)
DIMENSICN DO(10)413S(8),ROWS(8)
CIIA C8S/.1..2,.5,1.,1.5,3..5..1C./
CATA R8WS/.18,.26,.4,.561.7,1.,I.27,/.7/
CATA 131/3.141592E5358979300/0E/3.96C3/.CIST/2.62604/
REAC(509) FACT

S) FCRMAT(F10.3)
N=C
NPLI=0
CCNOR=R1/180.
ANGCIF(1)=.5*CCNVIR
ANGCIF(2)=.5*CCNVIR
8M=CARSIN(RE/DIST)
CFK=81.3*CCNVTR
REAC(5,500,END=1000)0LCNSS,DLCNCT,CLATCT.DINCR.DDELT

50J FCRMAT(5F9.3)
REAC(5,501) 8W1A.8%2A

501 FCRFAT(2F9.3)
N=N*1
WRITE(6.600)NOLCNSS,OLCNCT.CLATCT,ODELT,EW2A.8141AJPETAI

60J FCRMAT(WIDATA SET NO. e.I2/4X0SUO SAT LONG =',F9.3/
1 4X080R SGHT LCNG =',F9.3/4X0OCR SGFT LAT =',F9.3/
2 4X.'CECLINATION =',F9.3/4K.'MIN PrOICTH',5X0=',F9.3/
3 4,,IMAX BMOTHIg5X0=1,F9.3/4WORIENTPTICN =,F42.3)

C CCNVERI FROM DEGREES TC RADIANS
INCRaCINCR*CCNVTR
LCNCTR=(DLCNCTDLCNSS) *CCNVIR
LATCTR=CLATCT*CCNVTR
CELT=CCELT*CCNVTR
8i%128MIA*CCNVIR/2.0
8i%2=8W2A*CCNVIR/2.0

C CHECK FCR OCRESIGHT LOCATION IN RANGE CF *SATELLITE-
AL=CARCOS(CCCS(LCNCTR)*CCOS(LATCTRODEifT))
IF(AL.LE.CHK)G0 TO 21

20 WRITE(6.400)
400 FCRMAT(IHOOBORESIGI4T LOCATION IS NOTHIN RANGE OF SATELLITE.' /)

GO IC 1
I

C COMPUTE VECTOR FRCM SATELLITE TO 8ORESIGII LCCATICN
21 RSX=RE*DCOS(LA1CTR)*DSIN(LONCTR)--

RSY=DIST*OCCS(DELT)-RE*CCOS(LATCTR)*CCCS(LONCTR)
RSZ=DIST*DSIN(DELT)+RE*OSIN(LATCTR)
RSM=DSORTCRSX**2+RSY**2+RSZ**2)
G1M=CARSIN(RE*DSIN(AL)/RSM)
EL=URI/2.0)-.(ALGAM))/CONVTR
WRITEA6,300)

300 FCRMAT(4X0ELEVATIC)0,6X0=',F9.3)
DENCM=OSORT(RSX**2+RSY**2)
PITCF.=CARSIN(RSX/OENCM)
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Appendix E
ATS-F Dual-Feed Program -2-

RCLL1=DATAN(RSZ/CENCP)
DC 31 IJ=1,2
RCLL=RCLWANGC1F(1.1)
CP=CCCS(PITCH)
CR=CCCSIRCLLI
SF=CSIN(PITCH)
$R=CSINIROLL/
NPL1=NPLT+1
IFINPLY.GT.I/G0 TO 15

C FIRST PICT, OPEN PLOTTAPE ANC SET CRICIN
CALL FACTOR(FACT)
CALL FLO1S(IBUF,1000)

15 CCN7INUE
A,=RIP.I.CTAN(8W1)
E=R94*CTAN(8112)
ALFH1=8W1A
ALFH2=8$42A
UP=A
IF(JJ.EQ.2iUM=8
NSTEPS=(360.0/0INCR)+1
DC 10 ICT=IINSTEPS
BETAN=(ICI-1)*INCR
ANG=BETAN

C COMPLIE N-TH M VECTOR FRCP SATELLITE TO LCCLS CN EARTH
MNPX=RSM*CR*SP+UM*DCCSIANG)*CP-UP*OSIN(ANG)*SR*SP
MNPV=RSMSCR*CP+UP*DCOSIANGI*SP-UP*CSIN(ANG)*SR*CP
MNPZ=RSMIPSR+UM*DSINIANGI*CR
PAX=MNPX
PNY=MNPY*OCCSICELT)+PNPZ*OSINICELT/
PNZ=MNPY*(-DSIN(.DELT))+MNPZ*CCCSICELT)
BA=CARCCS(PNY/OSCRT(MNX**2+MNY*420NZ*42))
IFION.GT.8M/G0 TO 30
CN=FI-OARSIN(CSINIBNPODIST/RE)
DN=P1-(8N+CN)
PAL=D5CRT(RE**2+DIST**2-2.*RE*OIST*CCCS(CN)).
DENCM=OSCRIAMNPX**24-MNPY**21
PITCHK=DARSIK(PNPX/DENCM)
RCLLN=DATAN(MNPZ/DENCP)

C COMPITE N-TH VECTOR FRCP CENTER OF EARTH TC LOCUS
REI=PNL*CCCS(RCLLN)*D5INIPITCHN/
REJ=DIST*OCOSIOELT)-MN1*OCCS(RCLLNI*CCOS(PITCHN)
REK=PKL*OSIN(RCLLN)-DIST*DSINIOELI/
GC IC 40

C IF N-TH P VECTCR'DOESNCT INTERSECT EARTH CCPPUTE VECTOR
C. FRCP CENTER OF EARTH TC HORIZCN SEEN BY SATELLITE

20 TALN=CARCOS(MNZ/CSoRT(PNX**2+PNZ**211'
IF( PNX.LT.0.0)TAUN=-TAUN
REI=RE*CCOS(M*OSIK(TAUN)
REJ=RE*I-DCOSIOELT)*DSIN(8M)-OSIN(DELT)*CCOSIBM/*CCCS(TAUN))
REK=RESI-TOSIN( OELT)*OSIN( 8M)4CCOSIOELT/*CCOS(8MI*CCOS(TAUN))

40 CEN=DSCRT(RE1**2+REJ**2)
C CCMPITE LCNGITUDE AND LATITUDE COORCINATES

LAT(ICT)=SNGL(OATANIREK/DENUCCNVTR)
10 LCN(ICT)=SNGL(CARSIN(REI/OEN)/CCNVIR#CLCN5S)

CG eo I=1,NSTEFS
80 kRITEI6,2001 LCN(I),LAT(I)

ZOO FORMAT(IH ',4X,F943,6X,F9.3)
FX=-151.
FV22C.
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C)=4.
OV=4.
PP1 =NSTEPS +1
PP2 =N TEPS+2
LC(NP1) =FX
LCA(NP2) =OX
LAI (NPI)=FY
LAT (NP2 )=DY

C PLOT CCGRCINATES CF LOCUS
CALL LIKE/LCN.LAT,NSTEPSIp1i0,01

21 CENT INUE
CALL PICT( 35. , -1 .1221
GC TC

LOCO IF(NPLT.LE.C) GO TO 1001
C CLOSE FL OTT APE

CALL P.L.C,T( 0 .010.C1999)
1001 kPI1E1 000 KPLT

1C0 FORMAT ( /NUMBER OF PICTS FRCOUCFC =III?)
STOF
ENO

Appendix E
ATS-F Dual-Feed Program. -3-
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APPENDIX F: INPUT FORMATS

,,-
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INPUT FORMATS

1. ANTOVLY.

, 1. FX, FY, FY, DY

2. Magnification Factor

3. Number of beams

4. SS long, BS long, BS lat,
Circumference increment,
Declination

5. Orientation, BW1, BW2,
# of DB levels

6. DB levels

repeat 4,54 6 for each_beam-

2. MINMAP

1.. Magnification Factor

2. XLL, XUL, YLL, DUL

3. WORLDMAP

1. Magnification Factor

4. PERSPECT

1. Magnification Factor

2. SS long, SS lat

3. # of constant elevation
contours

4. Const. elev. contours
/

repeat 2,3S, 4 for ,each case

/5. ATSFS

1. Magnification Factor; F10.3
2. SS long, BS long, BS lat,

Circumference increment,
Declinatilon 5F9.3

3. BW1, BW2' 2F9.3

4F10.3

F10.3

Il

5F9,3

3F9.3, 12

nF7.3

F10.3

4F10.3

F10.3

F10.3

F10.3

Ii

nF5.3
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